Habitat loss due to land-use change is the greatest threat to biodiversity on a global scale, and agriculture has been the principal driver of change. In Uruguay, the conversion of native grasslands to croplands (e.g., soybean) and exotic forest plantations (Eucalyptus and Pinus) has accelerated during the last two decades. We studied the vulnerability of vertebrate and woody plant diversity to the loss of grassland areas, driven by agricultural and forestry expansion, to identify priority areas for conservation. We assessed the spatial variability of biodiversity vulnerability in function of species richness and number of focal species (i.e., prioritized species) of woody plants and terrestrial vertebrates that use grassland ecosystem as habitat. The top 17% of vulnerable sites (51 of 302 cells) were selected as priority conservation areas for Uruguay, following Aichi Target number 11. Approximately 36 % of the original continental territory of Uruguay, mainly grasslands, was converted to cropland (28%) and exotic forest plantations (8%) in 2015. Approximately 27% of the priority cells for conservation of vertebrates and woody plant diversity have been transformed, especially in three ecoregions in which habitat loss was between 35-45%. We simulated a land-use scenario for 2030, based on national production goals of soybean and exotic forest plantations, projecting that: (1) the overall loss of original habitat (mainly grasslands) would reach 48% of the country's land area, and (2) 45% of the priority cells would be converted to agricultural lands, especially in four ecoregions, with habitat losses greater than 50%. Our results suggest an urgent need to develop strategies to reduce the rate of natural grassland loss in Uruguay, as well as to conserve biodiversity and ecosystem services associated with these systems. Conservation efforts should focus on prioritized cells, especially those with no protection status and a high likelihood of agricultural conversion in 2030, through expanding public and private protected areas and promoting wildlife-friendly agricultural alternatives, such as beef production in natural grasslands.
INTRODUCTION
Humans have been transforming and replacing ecosystems across most of the terrestrial biosphere throughout history (Ellis et al. 2010) . About half of the terrestrial ice-free area has been modified by human activities, through replacing and modifying natural habitats by agricultural and urban systems (Chapin et al. 1997 , Kareiva et al. 2007 , Ellis et al. 2010 . At the global scale, agriculture has been the principal driver of land-use change. The expected increase in global consumption suggests a strong increase of global food demand until 2050 (Green et al. 2005 , Bodirsky et al. 2015 , thus increasing the pressure to further expand productive areas (e.g., Popp et al. 2017) . Land-use and land-cover change (we use "land-use change" for simplicity) are key drivers of the present loss of biodiversity and associated ecosystem services in terrestrial ecosystems (Vitousek 1994 , MEA 2005 , Haines-Young 2009 , which is expected to continue in the future under certain socioeconomic scenarios (Sala et al. 2000 , Newbold 2018 ).
The historical process of land transformation has been highly heterogeneous across the surface of the earth, with some biomes and regions almost entirely transformed and others almost uninfluenced by direct human activity (Ellis et al. 2010) . Nowadays, the loss of natural forests (e.g., tropical rainforest) is a focus of attention for scientists and the public but the highest levels of anthropogenic transformation have occurred in open biomes. The greatest historical land-use changes have occurred in grasslands, savannas, and shrublands, with all of these experiencing more than 80% of land-use conversion from 1700 to 2000 (Ellis et al. 2010 ). Most of this land-use change was the result of converting both wildlands and seminatural lands to rangelands and croplands. In the case of temperate grasslands, about 41% worldwide have been converted to agricultural use, another 6% to urbanization, and an additional 7.5% to commercial forestry and other disturbances (White et al. 2000) . Today temperate grasslands are considered the most altered terrestrial ecosystem on the planet and are recognized as the most endangered ecosystem on most continents because they have the lowest level of protection (about 4%) among the world's 14 biomes (Henwood 2010) . The consequences of land-use changes on biodiversity have been relatively less studied in temperate grasslands, particularly in South America (Henwood 1998 , IUCN 2009 ).
The Río de la Plata Grasslands is one of the largest complexes of grasslands in South America, covering more than 750,000 km² in the vast plains of central-east Argentina, southern Brazil, and Uruguay (Soriano et al. 1992 , Paruelo et al. 2007 . It comprises two ecoregions, the Pampas (Argentina) and the Uruguayan Savannas or Campos (Uruguay, Brazil, and Argentina; Soriano et al. 1992 , Dinerstein et al. 1995 . During the conservation assessment of the terrestrial ecoregions of Latin America and the Caribbean (Dinerstein et al. 1995) , excessive grazing by livestock and the conversion of natural habitats to agriculture were identified as the primary threats to biodiversity. During the last two decades, the rate of grassland conversion to croplands and exotic forest plantations has been alarming in this region, mainly driven by the high price of commodities (e.g., soybean) in the international market (Jobbágy et al. 2006 , Baldi and Paruelo 2008 , Modernel et al. 2016 ).
The Río de la Plata Grasslands includes a diversity of ecosystems. In addition to several grassland types, there are other marginal but well-distributed ecosystems, such as native forests, woodlands, savannas, shrublands, wetlands, and several aquatic systems (Soriano et al 1992) . This variety of habitats sustains a substantial levels of species diversity, with thousands (2000-4000) of vascular plants including more than 500 graminoid species, approximately 100 species of mammals, and over 500 bird species (Bilenca and Miñaro 2004, Overbeck et al. 2007) . Recent evidence has suggested that landscape modification in the Río de la Plata Grasslands due to land-use change could have significant impacts on plant and animal diversity as well as on the provision of ecosystem services (Overbek et al. 2007 , Medan et al. 2011 , Aspiroz et al. 2012 , da Silva et al. 2015 , Modernel et al. 2016 , Paruelo et al. 2016 . The evidence reported in these studies, mainly on birds and mammals of the Argentinean Pampas, shows that agricultural expansion has reduced the geographic ranges and/or abundance, sometimes leading to regional extinction, of many mammal and bird species, including grassland specialists and large herbivores and carnivores. Other species were unaffected (birds) or also benefited (bird, rodent).
In Uruguay, land-use change has been relatively moderate within the context of the Río de la Plata Grasslands, but the conversion of wildlands and rangelands to croplands (mainly soybean) and exotic forest plantations (mainly Eucalyptus) has accelerated over the last two decades (Dinerstein et al. 1995 , Baldi and Paruelo 2008 , Henwood 2010 . The agricultural sector is a crucial component of the Uruguayan economy, highly specialized in commodities and services based on natural resources, which comprise 70% of total exports (Sandonato and Willebald 2018) . The economic strategy of Uruguay is heavily based on the growth of this productive sector and, therefore, specific national goals of growth have been delineated for the future (2030) by the Office of Planning and Budget (OPP) of the Presidency of the Republic of Uruguay (OPP 2009). The fulfilment of these goals implies a significant expansion in crop cover and exotic forest plantations in the next decade. This represents an important challenge for the sustainable development of Uruguay. Conservation planning, focusing on species vulnerable to agricultural expansion, is key to developing efficient conservation measures that protect biodiversity in such intensively managed agricultural landscapes. Some spatial prioritization studies for biodiversity conservation have been carried out in the region (e.g., Bilenca and Miñaro 2004 , Brazeiro et al. 2008 , 2015a , Soutullo and Bartesaghi 2009 , Nori et al. 2016 ), but to our knowledge, research has not focused on vulnerability to agricultural expansion, even though it is recognized as the main threat to biodiversity in our region.
We analyzed the vulnerability of the diversity of vertebrates and woody plants of Uruguay to the loss of grassland areas, driven by agricultural and forestry expansion, to identify priority areas for conservation. Three main questions are addressed: (1) where are the most vulnerable areas for vertebrates and woody plants conservation located? (2) to what extent have the areas of highest vulnerability been converted to croplands and afforestation, or are expected to be impacted in the near future by agricultural expansion? and (3) where to prioritize efforts to conserve vertebrates and woody plants in the face of future agricultural expansion?
METHODS

Study area
Uruguay, located (30°05′08″-34°58′27″ S, 53°10′58″-58°26′01″ W) in southeast South America, has a continental area of 176,215 km². The climate is temperate (Cfa, sensu Köppen-Geiger), with mean annual temperature ranging between 16 and 20ºC and mean annual rainfall between 1100 and 1400 mm/y -1 . The temperature is strongly seasonal, and rainfall is evenly distributed during the year, but strongly variable between years (see INUMET: https:// www.inumet.gub.uy/clima/climatologia-estacional).
Grasslands, including prairies and open woodlands, occupied more than 80% of the territory in the Pre-Hispanic period, representing the matrix ecosystem in the landscape, in combination with dispersed patches of native forests, woodlands, and wetlands (CLAES 2008) . The main land uses are livestock, cropping, and exotic forest plantations covering about 90% of the territory (MGAP 2016). Cattle breeding for meat and milk production on natural/seminatural grasslands is the dominant productive activity, and soybean, wheat, rice, barley, sunflower, and maize are the main annual crops (MGAP 2016). In the forestry sector, Eucalyptus (E. globolus and E. grandis) and Pinus (P. ellottii, P. taeda, P. pinaster) species are the most extensively planted in afforestation systems (Petraglia and Dell'Acqua 2006) .
Seven natural ecoregions can be distinguished in Uruguay according to geomorphology, soils, physiography, and biota (vertebrates and woody plants; Brazeiro et al. 2015a) , which are used as inputs for conservation planning in the National Strategy of Biological Diversity (MVOTMA 2016) and Protected Areas Plan (SNAP 2015) .
Assessing biodiversity vulnerability to agricultural transformation
According to a risk assessment framework (Villa and McLeod 2002) , we operationally defined vulnerability as the susceptibility of ecosystems to suffer degradation in their conservation value, due to loss of natural habitat by the implantation of crops or exotic productive forests. Thus, the quantity of valuable and susceptible elements of a given area defines its vulnerability level.
In Uruguay, agricultural expansion affects almost exclusively grasslands and other open ecosystems (shrublands, wetlands), because natural forests, including palm and park savannas, are legally protected (Nº 15.939/1988) . Illegal logging of natural forests is very marginal, and there is evidence that forest area has increased during the last 50 years (MGAP 2018, National Forest Strategy). Therefore, grassland and open habitat species (from here, we refer to them as grassland species, for simplicity), are clearly more susceptible than forest species to agricultural transformation. Among grasslands species, those endangered, geographically restricted, endemic, or functionally relevant should be of special conservation concern. Species fulfilling such prioritization criteria were named as focal grassland species in this study. So, we used two kinds of biodiversity indicators commonly included in prioritization studies (e.g., Wilson et al. 2009 , Reece and Noss 2014 , IUCN 2016 to develop a site vulnerability index (VI): the richness of vulnerable species and focal species. We calculated VI as a function of the richness of grassland species (GS) and the richness of focal grassland-species (FGS). Vulnerability index, varying between 0 and 100, was calculated as a weighted sum of the two indicators (weight; VI: https://www.ecologyandsociety.org/vol25/iss1/art15/ 40, FGS: 60), previously standardized to vary between 0 and 1, using the following equation: VI = (GS x 40) + (FGS x 60).
We used the spatial database of records and potential occurrences of 853 species of woody plants and terrestrial vertebrates (i.e., amphibians, reptiles, birds, and mammals) reported by Brazeiro et al. (2015b) to calculate GS and FGS. The records and potential occurrences (obtained from models and expert opinions) of species are given over a grid of 302 cells of 33 x 20 km, covering the entire Uruguayan territory. Previous version of this database have been used in other publications (e.g., Canavero et al. 2010 , Haretche et al. 2012 , Pérez-Quesada and Brazeiro 2013 , Brazeiro et al. 2015a ) and to design the management plan of the National System of Protected Areas of Uruguay (SNAP 2015) . From this species assemblage, we selected all species that use grasslands and/or shrublands as exclusive (i.e., habitat specialists) or secondary habitats (i.e., habitat generalists), according to recent local bibliography on woody plants (Brussa and Grela 2007 , Haretche et al. 2012 , amphibians and reptiles (Achaval and Olmos 2007 , Carreira and Maneyro 2013 , birds (Aspiroz 2001, Aspiroz and Blake 2009), and mammals (González and Martínez-Lanfranco 2010), and recent actualization by local experts (see Brazeiro et al. 2015b) .
To obtain FGS, we defined as focal grassland species those grasslands woody plants and terrestrial vertebrates included in the national list of priority species for conservation (Soutullo et al. 2013 ). This priority species list was defined using classic conservation criteria (i.e., endangered, geographically restricted, endemic, functionally relevant, and valuable species) and today is largely utilized in environmental planning and management in Uruguay.
Selecting priority vulnerable areas to agricultural transformation
The selection of the priority-vulnerable areas was performed using a threshold of the 17% highest vulnerability cell, following the Aichi Target number 11, which aims to ensure that by 2020 at least 17% of ecosystems are protected, especially those of greater importance for biodiversity and ecosystem services. Thus, we decided to highlight 17% of the cells of the country, i.e., 51 cells (of 302), as the priority-vulnerable areas. The 51 cells were proportionally distributed among the 7 ecoregions of Uruguay according to their area, to incorporate the criteria of representativeness, and complementarity in the prioritization approach (following Margules and Pressey 2000) . The cells with the highest vulnerability of each ecoregion were selected, until the allocated number of cells per ecoregion was reached.
Land-use dynamics and present mapping
The overall land-use change pattern of Uruguay between 1990 and 2015 was rebuilt integrating different data sources: (1) official agricultural census of 1990, 2000, and 2011 from the Direction of Agricultural Statistics (DIEA: http://www2.mgap.gub.uy/portal/ page.aspx?2,diea,diea-principal,O,es,0), national forest inventories of 1990, 2000, 2005, 2010 , and 2015 from the Forest Department (DGF: http://www.mgap.gub.uy/sites/default/files/multimedia/ uruguayfra2015.pdf), and land-cover maps of 2000, 2008, 2011, and 2015 from the Ministry of Environment (MVOTMA: http:// sit.mvotma.gub.uy/websdatos/cobertura.html).
We used the official land-cover shapefile of 2015, available at the website of the Ministry of Environment of Uruguay (MVOTMA), to describe the current pattern of land-use change. This shapefile contains the land-cover classification performed by analyzing a set of LANDSAT 5TM scenes, with a spatial resolution of 30 m. Land cover was classified using the FAO system (LCCS), with a total of 48 classes integrated in 8 major classes: (1) cultivated and managed terrestrial areas; (2) artificial surfaces and associated areas; (3) artificial waterbodies, snow, and ice; (4) cultivated aquatic or regularly flooded areas; (5) natural and seminatural vegetation; (6) natural and seminatural aquatic or regularly flooded vegetation; (7) bare areas; and (8) natural waterbodies, snow, and ice. The resulting classification was checked in the field and good levels of accuracy were reported, for example, 94.3% in cultivated and managed terrestrial areas and 94.6% in natural and seminatural vegetation, during the land-cover classification of 2008 (MVOTMA 2012).
The first four major classes were integrated into a superclass, "highly transformed areas," to estimate natural habitat loss since the Pre-Hispanic period. The main class, cultivated and managed terrestrial areas, was disaggregated into two subclasses, i.e., croplands and exotic forest plantations, the most important landuse drivers in Uruguay. To integrate land-use and biodiversity vulnerability data, we crossed the shapefiles of croplands, exotic forest plantations, and highly transformed areas with the shapefile containing the grid (302 cells of 33 x 20 km). Finally, we summed and mapped the areas of croplands, exotic forest plantations, and highly transformed areas by cell. Geoprocessing was performed in QGIS 2.18.
Projecting future land use: scenario 2030 Regional land-use models often adopt a two-phase approach, beginning with an assessment of aggregate quantities of land use for the entire region, and following with a downscaling procedure to create fine resolution land-use patterns (de Chazal and Rounsevell 2009). The general two-phase approach used in our study is illustrated in the flowchart presented in Figure 1 . In our case, the total quantity of land use projected for 2030 (phase one) was derived from the national goals of economic growth for 2030, proposed by the Office of Planning and Budget (OPP) of the Presidency of the Republic of Uruguay, as a target scenario (OPP 2009 ). The Office of Planning and Budget proposed national goals of economic growth for 2030 (GDP 2030 : US$68,707 x 10 6 , Growth Rate 2008-2030 : 5.0%, Exports 2030 : US$22,028 x 10 6 ), which are based on the goals of production for each economic sector (OPP 2009).
In Uruguay, the main economic sector driving land-use change is agriculture (cropping and exotic forest plantation), which is responsible for 93% of the transformed land cover of Uruguay; the other 7% are urban areas, infrastructures, and artificial water bodies (MVOTMA 2012). To achieve the national production goals for 2030 proposed by OPP (2009), it would be necessary to increase by approximately 1,000,000 ha the area of both croplands and exotic forest plantation. Among crops, soybean has been the main driver of agricultural expansion over the last two decades, whereas the planted area of other crops has remained relatively constant (MGAP 2016) . Thus, we focused on soybean expansion to develop the 2030 scenario and assumed that the area of other crops will remain constant until 2030. These production targets are in-tune with the growing trend of the international prices of soybean and wood pulp observed from 2000 to date, despite the high variability among years. The downscaling procedure (phase two) to create a fine-resolution spatial pattern of exotic forest plantations for 2030 was based on the following assumptions about forestry expansion: (1) preference for the legally defined priority areas (Decrees 452/988 and 220/06, Forestry Direction/MGAP), according to the observed trend during the last 20 years; (2) within priority areas, the preference is to consolidate the four established forestry regions (northeast, west, centre, and southeast) because of logistic advantages; (3) development of new forestry region of 100,000 ha in suitable soils (5.02b category, sensu CONEAT 1979) surrounding (< 200 km) the new (2014) cellulose pulp plant of Montes del Plata (MDP) in the locality of Conchillas (Colonia) because of the higher profitability associated with lower transport costs. Montes del Plata has already made efforts in such directions. Using these assumptions, we assessed the conversion likelihood of all natural and seminatural vegetation patches (polygons) detected in the land-cover map of 2015. The assessment included two sequential questions ( Fig. 1): (1) is the patch located in forestry priority soil? and (2) is it included within a consolidated forestry region (i.e., < 100 km from the regional centre. Are closer patches planted first?)? If both answers were "yes," we assumed the conversion likelihood of this patch is one, and thus the patch was converted to forest plantation in the 2030 scenario. This logic continued with the assessment of other patches, until the cumulative converted area reached the national expansion goal (phase one), and the process was stopped.
In the case of soybean expansion over natural/seminatural vegetation patches, a fine-scale spatial projection was based on the following assumptions: (1) preference for soils of high aptitude for agriculture because soil suitability is an important determinant of crop profitability. We defined the likelihood of soybean expansion (p) as function of soil aptitude for soybean crops, using four categories: highly suitable (p = 1), suitable (p = 0.8), marginally suitable (p = 0.5), and unsuitable (p = 0). Spatial information of soil suitability was obtained from the Soils Map of Uruguay (1:1,000,000), using the index of soils suitability for summer crops of Cayssials and Álvarez (1983) . (2) Among equally suitable patches, the likelihood of conversion is proportional to the proximity to the centre of the agricultural regions already consolidated (south, southwest, centre, west, northwest, and east) because of logistic advantages. These assumptions were used to assess the conversion (to soybean crop) likelihood of all natural and seminatural vegetation patches detected in the land-cover map of 2015. The assessment also included two main sequential questions (Fig. 1) , following the same logic described for exotic forest plantation.
In some cases, the likelihood of conversion to forest plantation and soybean crop were comparable. In such cases, we assumed that soybean was preferred over forest plantation because of its higher economic profitability.
Finally, to make the land-use scenario for 2030 spatially comparable with our biodiversity data, the patch-level data were summed and mapped over the grid of 302 cells of 33 x 20 km. Geoprocessing was performed in QGIS 2.18.
RESULTS
Biodiversity vulnerability and ecoregional priorities for conservation
Half of the species of woody plants and terrestrial vertebrates of Uruguay use grassland ecosystems as habitat, and about 11% of them are focal species because of their precarious conservation Ecology and Society 25(1): 15 https://www.ecologyandsociety.org/vol25/iss1/art15/ status or high ecological or social value (Table 1) . The richness of grassland species showed broad geographic variability, with the west and east fringes and the southeast region being the most diverse ( Fig. 2a ). Focal species richness showed a somewhat similar pattern to overall grassland species (Fig. 2b) , being positively and significantly correlated in space (Spearman-rank correlations: r S = 0.91, P < 0.0001). Therefore, the biodiversity vulnerability index to land-use change, derived from the previous indicators, also resembled the spatial pattern of grassland species richness. High-vulnerable cells are mainly concentrated in five ecoregions: (1) northern zone of the Western Sediment Basin; (2) northern and eastern zones of the Gondwanic Sediment Basin;
(3) northeast of Eastern Sierras; (4) southern zone (Atlantic fringe) of the Merin Lagoon Graven; and (5) south (Atlantic fringe) of the Santa Lucía Graben (Fig. 2c ).
We identified 51 cells (~17% of 302) as the priority vulnerable areas of the country that were proportionally distributed among the 7 ecoregions ( Fig. 2c ). All prioritized cells were located in the regions of the high vulnerability described above, or nearby. Currently, seven priority cells (13.7%) overlap with protected areas of the national system (SNAP; Fig. 2c ). 
Land-use change: present patterns and future projections
Land-use dynamics in Uruguay resembled the regional pattern, showing a slow and gradual growth of agricultural lands during the 1990s and an accelerated expansion from 2000 (Fig. 3) . Soybean has been the main driver of the acceleration phase, growing from less than 40,000 ha before 2000, to more than 1,200,000 ha in 2015. The other important driver of change has been the forestry sector, which has been encouraged by tax reductions during the late 1980s and 1990s, in certain zones and types of soils (forestry-priority zones, law Nº 15.939 of 1987). This policy triggered a pronounced development of exotic forest plantations, mainly with eucalyptus and pines, which rose from less than 200,000 ha before the 1990s to more than 1,000,000 ha in 2015 ( Fig. 3) .
According to the land-cover map of 2015, 36.2% of the original continental territory of Uruguay (176,500 km²) has been transformed by croplands (including artificial prairies, 27.5%), exotic forest plantations (7.9%), and urban and other artificial areas (0.8%). Croplands are mainly distributed in the southwest and west regions, and in part in the east (Fig. 4) . The forestry sector is mainly distributed in four regions, with the west and northeast regions containing the most extensively planted areas ( Fig. 4) . At present, the ecoregions most affected by land-use change have been the Santa Lucia Graben (SLG), Crystalline Shield (CS), and the Western Sediment Basin (WSB) with an overall loss of natural habitat, mainly grasslands, of about 50% or greater (Fig. 5a ). The Merin Lagoon (MLB) and the Gondwanic Sediment Basin (GSB) ecoregions present intermediate levels of natural habitat conversion (20-30%), whereas the Basaltic Slope (BS) and the Eastern Sierras (ES) ecoregions showed the lowest levels (< 20%; Fig. 5a ).
In the projected land-use scenario for 2030, croplands will cover about 32.7% of the territory and exotic forest plantations about 15.2%. If urban and other artificial areas remain at present levels (0.8%), the total loss of original habitat would reach 48.7% of the country's surface area. Land-use change would be intensified in the three ecoregions highly transformed in 2015 (SLG, CS, and WSB), with natural habitat conversion of about 80% (Fig. 5a ). The MLG, ES, and GSB ecoregions would lose about 40% of their original habitat, and the BS ecoregion would be unchanged (Fig. 5a ).
Land-use change in conservation-priority sites
At present, about 27% of the total area of the priority cells (51) has been transformed by land-use change in 2015, but there was substantial variability among ecoregions ( Figs. 4 and 5b) . Whereas four ecoregions (BS, MLG, ES, and GSB) suffered low conversion (< 25%) within their priority cells, in three ecoregions (SLG, CS, and WSB), the loss of natural habitat was between 30 and 40% (Fig. 5b) . Land conversion in SLG was mainly driven by the urbanization of the capital city (Montevideo) and by croplands (Fig. 4) . The priority cells of the CS and WSB ecoregions were mainly transformed by croplands and exotic forest plantation, respectively (Fig. 4) .
Under the projected scenario for 2030, the overall habitat loss within priority cells would ascend to 45%. One ecoregion would remain almost unchanged with less than 25% of habitat loss (Basaltic Slope) and two ecoregions will lose between 35 and 42% (MLG and ES; Fig. 5b ). Four ecoregions (GSB, SLG, CS, and WSB) would be highly impacted by habitat loss (50-70%) in their priority cells (Fig. 5b) . The expansion of exotic forest plantations would be the main driver of land transformation in the priority cells of the GSB ecoregion, whereas croplands will be the main driver in the other three ecoregions (Fig. 4 ).
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DISCUSSION
Agricultural expansion and loss of natural grasslands
More than one-third of Uruguay's natural habitats, largely grasslands, have been converted into croplands, exotic forest plantations, and urbanization in 2015. The causes of land-use change in Uruguay during the last 30-40 years, as in the entire Río de la Plata Grassland region, have been largely discussed (see Paruelo et al. 2006 , Baldi and Paruelo 2008 , Modernel et al 2016 . The high international prices of soybean and wood pulp, the accessibility to new technologies (i.e., no-tillage cropping and genetically modified organisms), and fiscal policies favorable to exotic forestry development (1980-1990s) have been the main drivers.
In the case of soybean, an annual crop, the dynamics of planted areas tracked very well, with a one-two year delay in the price of a metric ton in the Chicago market (http://www.indexmundi.com/ commodities/). For example, the peaks of the planted area observed in Uruguay during 2010 and 2015 (Fig. 3) were associated with growing prices during 2006-2008 and 2011-2014, respectively . Likewise, the observed drop in the planted area after the 2010 peak was associated with lower prices during the next years. After the 2015-peak, the historical maximum, a slow-down has occurred in the soybean expansion according to producers' declarations (MGAP 2019) , differing from our model projection (Fig. 3) . This slow-down in the planted area of soybean is also associated with lowering international prices. Despite the smallscale fluctuations, the international prices of soybean and wood pulp have been growing in the mid-long term, driving the agricultural expansion in Uruguay. Thus, we think that beyond the small-scale fluctuations, the global market of these commodities (i.e., soybean and wood pulp) will increase in the mid-long term, promoting the future expansion of the agricultural border in our region, ultimately supporting the Ecology and Society 25(1): 15 https://www.ecologyandsociety.org/vol25/iss1/art15/ production targets of the Uruguayan government for 2030 (OPP 2009 ).
The achievement of these national production targets of soybean and exotic forestry would imply the loss of almost half (48%) of the natural habitat of Uruguay in 2030. In the case of the forestry sector, there are additional local pressures to expand the planted area. There are two cellulose pulp mills of high productivity capacity (1.1-1.3 x 10 6 tons per year) operating in the country (one in the west and the other in the south) and recently a project was approved to open a third pulp mill in the centre of the country.
At present, three ecoregions (SLG, CS, and WSB) have lost about 50% of their original grasslands, which could have consequences in the delivery of critical ecosystem services, such as soil conservation, water provision, and habitat provision for diversity, as documented in previous studies in the region (e.g., Overbek et al. 2007 , Medan et al. 2011 , Aspiroz et al. 2012 , da Silva et al. 2015 , Modernel et al. 2016 , Paruelo et al. 2016 . Further land conversion within these ecoregions should be minimized or carefully studied to prevent environmental problems. For example, serious problems with water quality already exist in the Santa Lucía Graven ecoregion, affecting the water supply to the capital city of Uruguay (Montevideo) and the adjacent metropolitan region (Barreto et al. 2017 ).
Vulnerability of vertebrates and woody plants diversity to grassland loss
We found that almost half of the woody plants and terrestrial vertebrate species of Uruguay are vulnerable to agricultural expansion. These species use the grassland ecosystem, which has been largely converted to croplands and exotic forestry plantations in the country, as habitat . In spatial terms, vulnerability is higher where there are more species and more focal species potentially affected. Consequently, we defined as priority cells, the top (17%) vulnerable cells by ecoregion. Although our study of vulnerability and spatial prioritization contributes to conservation planning, we recommend deepening the analysis in future studies by incorporating the herbaceous flora, a very representative and diverse biotic component of grassland ecosystems.
In 2015, about 27% of the priority-cells area had been converted into croplands and forestry plantations, particularly in three of the seven ecoregions of Uruguay, with a grassland loss of 30-40%. According to the projected scenario of agricultural expansion for 2030, the current situation could deteriorate substantially. Almost half (45%) of the priority cells would be transformed, including in four ecoregions in which grassland loss could reach 50% or higher. In this context, the most important question concerning the biodiversity conservation of such relevant areas of the country, is probably: How much habitat is required for species persistence?
Forecasting how individual species will be affected by habitat loss is extremely difficult given the variety of interactions among species and threats, nonlinearities, and the emergence of yet unforeseen drivers of change (Balmford and Bond 2005) . The relationship between habitat loss and population extinction probability is nonlinear, whereby a threshold appears to exist above which the extinction risk increases from near-zero to nearone following a small additional loss of habitat (Fahrig 2001 (Fahrig , 2003 . Theoretical studies (models) suggest that threshold values may vary substantially (1-99%) among species and landscape contexts (Fahrig 2001) . Nonetheless, many empirical studies have reported negative effects on habitat-specialist species when the amount of suitable habitat in the landscape was reduced to 10-30% (Andrén 1994, Hanski 2011 ). There is also empirical evidence in the Río de la Plata region showing that grassland specialists have been the most injured species among assemblages of birds (Aspiroz et al. 2012 , Brazeiro et al. 2018 ) and mammals (Andrade-Núñez and Aide 2010) when grasslands were converted.
We do not know the thresholds of suitable habitat for the vertebrates and woody plant species of Uruguay, but using a security threshold of 50%, we found 5 priority cells (of 51) under such value (> 70% of habitat loss) in 2015. We defined such cells as "converted cells" and assigned them a very low conservation priority (Fig. 6 ). According to our land-use scenario, the number of converted cells (habitat loss > 50%) in 2030 would ascend to 19 (37%). At present, 11 of these cells do not have the protection of the National System of Protected Areas (NSPA) and given their high probability of habitat conversion, we assigned them the highest conservation priority (very high, Fig. 6 ). We defined as low priority, seven cells currently protected, at least partially, by the NSPA (Fig. 6) . Among unprotected cells, we classified as medium priority 10 cells with low conversion probability (< 20%), and 17 cells with habitat loss between 21 and 50% in 2030 scenario as high priority (Fig. 6 ).
In addition to habitat loss, agricultural expansion could also affect species viability via habitat fragmentation (Fahrig 2003) . The fragmentation of the Río de la Plata Grasslands during the period from 1985-2004 was noteworthy, spatially heterogeneous, and higher in landscapes dominated by cropland (Baldi and Paruelo 2008) . Additionally, farming and forestry management practices could generate new sources of threats to biodiversity because of initial land clearance, soil tillage, land rotation, soil erosion, changes in water quantity and quality, as well as pesticide inputs (Donald 2004 , Jobbágy et al. 2006 .
Management recommendations
In comparison to the accelerated transformation of the natural landscape in neighboring countries of the region, land conversion in Uruguay can be considered moderate at present Paruelo 2008, Vega et al. 2009 ). Due to the lower degree of landuse conversion, the relic grassland-dominated landscapes of Uruguay have a strategic value for regional conservation.
In developing countries of the region, global and national pressures converge to promote agricultural expansion, while increasingly endangering biodiversity. The increasing human demands for food and goods increase the international price of commodities, while at national level, governments search for greater economic growth to respond to basic social demands. The dilemma is how to conserve biodiversity in productive landscapes, in the context of agricultural expansion and intensification? This is the main challenge for the conservation of grassland biodiversity in Uruguay.
Our scenario of land-use changes for 2030 makes clear the urgent need to develop strategies to reduce the future rate of grassland loss. Protected area implementation is a classic and valuable tool Ecology and Society 25(1): 15 https://www.ecologyandsociety.org/vol25/iss1/art15/ Fig. 6 . Spatial prioritization of the highest vulnerable cells (top 17%) for conserving vertebrate and woody plant diversity in the face of agricultural expansion in Uruguay. Very low priority was assigned to currently converted cells (i.e., habitat loss > 50% in 2015). Protected cells (i.e., overlapping with protected areas of the national system) were classified as low priority for conservation. Currently unprotected cells (i.e., without protected areas) were classified according to the conversion probability in the 2030-scenario in: medium priority (habitat loss < 20%), high priority (habitat loss between 21 and 50%), and very high priority (habitat loss > 50%). The ecoregions of Uruguay are indicated according to the following codes: Western Sediment Basin (WSB), Basaltic Slope (BS), Crystalline Shield (CS), Gondwanic Sediment Basin (GSB), Merin Lagoon Graben (MLG), Santa Lucía Graben (SLG), and Eastern Sierras (ES).
for this aim, and our spatial prioritization study could contribute to future reserve designations. Although valuable, the contribution of the National System of Protected Areas (NSPA) will be insufficient to conserve all vulnerable species from the projected grassland loss. In Uruguay, the NSPA is the most recently implemented of the region (First area incorporated in 2008) and covers 285,265 ha, which represents only 0.90 % of the continental Uruguayan territory. The Aichi target number 11 (i. e., at least 17% of the most relevant zones are conserved in protected areas), endorsed by Uruguay as a signatory country of the Convention of Biological Diversity (CBD), is far from being reached in 2020. Currently, only 7 (13.7%) of the 51 priority cells are incorporated in the NSPA. The future expansion of the NSPA will be a very hard task because there are practically no available public lands in Uruguay, and the economic resources for the system of protected areas are very limited. However, we believe that the https://www.ecologyandsociety.org/vol25/iss1/art15/ country should continue advancing in the expansion of the NSPA, at least to mitigate the further grassland loss in the Santa Lucia Graben, Crystalline Shield, and the Western Sediment Basin ecoregions, as well as in the high priority cells for the conservation of vertebrates and woody plants (see Fig. 6 ).
Besides expanding the NSPA, we urgently need to find and promote productive alternatives that conserve biodiversity and the environment. To do that, and in the required time frame to balance the accelerated land-use change occurring now in the region, we highlight three key issues to solve.
First, society and particularly policymakers, should be better informed and aware of the magnitude of the land-use change in the country, and the potential environmental and social impacts. The academic sector should undertake this task with greater commitment. The national brand "Uruguay Natural," used to promote the country in the world, also generates the sensation at a local level, that the country has been little transformed, and therefore conservation is not an urgent issue at the moment. However, a recent opinion survey (March 2017, 1300 cases) revealed that 59% of the respondents believed the brand "Uruguay Natural" is not in line with the country's environmental reality (http://www.opcion.com.uy/opinion-publica/?p=1661).
Second, agricultural and environmental national policies should seek greater articulation and integration. The newly created Watershed Management Committees provide a very good opportunity for coordination, in which the goal of "sustainable intensification" (i.e., greater production with reducing environmental impacts) promoted by the Ministry of Agriculture (MGAP) should be balanced with conservation goals.
Third, the private sector must be better integrated in national conservation policies. Without the contribution of private resources, the expansion of protected areas and productive areas with sustainable management will be insufficient to balance the impacts of land-use changes. We must find alternative agricultural systems that could reach productive and economic targets while minimizing environmental impacts. A promissory initiative was carried out with the Uruguayan beef sector, with the aim to build a coordinated agricultural transformation pathway to meet objectives for sustainable development (Kanter et al. 2016) . By applying the approach and methodological toolkit developed by the Agricultural Transformation Pathways initiative, productivity and environmental targets for 2030 were developed in tandem with a wide range of stakeholders to maximize productivity, while minimizing a suite of environmental impacts, including biodiversity. The agreed goal, with respect to biodiversity, is for zero expansion in the amount of land devoted to beef production between 2016 and 2030, meaning that the grazing land remains constant (Kanter et al. 2016) . As such, beef production seems to be a viable sustainable alternative of agricultural production in Uruguay, especially with respect to grassland conservation, although overgrazing and pasture modification with forage species (agricultural improvements) could have an effect on biodiversity. The sustainability of beef production is also promoted by the regional initiative "Alianza del Pastizal" (http:// www.alianzadelpastizal.org/). The Alliance, promoted by NGO´s of Argentina, Brazil, Paraguay, and Uruguay, is primarily concerned with regional bird conservation, by promoting adaptive and wildlife-friendly productive practices, with strong participation from landowners and national authorities. A promising initiative of the Alliance is the certification of meat produced under a sustainability protocol, which could encourage more breeders to adopt conservation practices. There are also viable opportunities to promote conservation efforts within the forestry sector. The international certification of responsible forestry production (e.g., Forest Stewardship Council, FSC) is widespread among forestry companies in Uruguay. This provides the opportunity to advance in the implementation of private reserves in areas of high conservation value, and in the adoption of wildlife-friendly practices of production (Brazeiro et al. 2014) . Soybean production is the most complex agricultural sector for incorporating conservation practices. The productive cycle is short; many producers are tenants or foreigners; it is simpler to move to other countries or change the productive activity according to profitability; and therefore the farmer fidelity to land is less than in other sectors. In this context, it is difficult to promote incentives to adopt sustainable practices, as well as to conduct environmental control. Soybean production is one of the main drivers of land-use change in Uruguay and given the complexity of the sector, the search for strategies to promote the implementation of reserves and wildlife-friendly practices in these agricultural landscapes is a key challenge for biodiversity conservation in Uruguay.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/11360
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